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????	 ???????????????? Dennd2A???????? 
 
???? ???
?
? ????????????????????????????????????????
?????????????????????????????????????????
???????????????????????????????????????Cathepsin 
K ????????????????????????????????????????
??????????????????????????????????????????
??????????????????????????????????????????
? ?????????????????????????????????????????
???????????? DC-STAMP???????????????????????
?????????????????????????????????????????
????? Small GTPase family????????? guanine nucleotide exchange factor 
(GEF)??????????????????Rac GTPase?????????GEF????
?? Vav 3 ????????????????????????????????????
??????????????????????????????????????????
?????????????<Nature Med. 2005 11(3): 284-90. >.?
? Vav 3????GEF?????????????????DENN/MADD???????
????????DENN/MADD?????????????? 17????????????
????????????? GTPase????????? GEF?????????????
??????< J. Cell Biol. Vol. 191 No. 2 367–381>???????????Rab 9??????
GEF??????? Dennd2A?????????????????????????????
??????????????????????????
? Dennd2A ? C ???? DENN/MADD ???????????????????????
????????????????????????Vav 3????GEF??????????
?????????????????????????????????????????
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???????????????????????? Dennd2A ???????(KO)????
??????????????????? Dennd2A ???????????????????
???????????????????????????????
?
???? Dennd2A????????????
?
? KO ??????????????????????????? Cre/loxP ???????
??????Dennd2A? 19?? Exon??????? 1000??????????????
??????Exon3 ??????? Exon2?4 ?????????????????????
???Exon3? 5’??? 3’?? loxP????????? targeting?vector?????????BAC
??????PCR?????? targeting?vector????????????????????
?? ES???????????????????????????????????????
???????????????????????????ES?????????????
????????? 8 ????????????????????? germline? transmission
????????????????????????????? Dennd2A? flox ???????
??Cre?recombinase?????CMV?Cre?????????????????????
?????? Dennd2A ???????? Dennd2A? total?KO ???(Dennd2A-/-)???????
???????????????? PCR ????????????Dennd2A ???? DNA
????????????????????KO?????????RNA??????????
PCR?????????KO??????? Dennd2A???? 100%??????????
????
? ?????????Dennd2A? flox????? Dennd2A? total?KO???(Dennd2A-/-)???
???????
?
???? ??? Dennd2A????????????????
?
? ????????????????
? ??????????? Dennd2A-/-????????????????????Dennd2A-/-??
??? lethality ?????????????????????????????????????
????????? ?
? ?? X?????????????????????????? 16????????? X?
???? Dual energy X-ray Absorptiometry (DXA)??????????????????
???????Dennd2A-/- ?????????????X?????????????????
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????????????????????? CT ????????????? 3D ?????
???? Dennd2A-/-?????????????????????????? ?
? ???????????????????????????????????????
Dennd2A-/- ????????????????????????????????????
??????? TRAP-5b? Dennd2A-/- ???????????????????
? ??????????????? in vitro???
? Dennd2A-/- ???????????????Dennd2A-/- ???????????????
??????????????????????????????????????????
?????????????????????????????????????????
??????????????? in vitro???????? ?
? ???? Dennd2A-/-????????????????????????????????
??????? M-CSF ? RANKL ??????????????????????????
?????????????????? TRAP???????TRAP???????? 3???
??????????????????????????????? Dennd2A-/-??????
?????????????????????????????????????????
???????????????????????????????????????? RNA
??????????????????????????? ?????? ????????
Dennd2A-/-???????????????????????????master regulator???
NFATc1??????????????????????
? ?????????Dennd2A ????????????????????????????
?????????????????????????????????????????
?
???? ?????
?
? ????????????????????? Dennd2A ????????????????
?????????Dennd2A???????????????????????????
???????????????? Dennd2A???????????????
Dennd2A????????????
? ???????Cre/loxP??????????????????? flox?????????
????Dennd2A?flox??????????????Cre?recombinase???????????
???????????????????????? Dennd2A???????????????
????????????????????? Dennd2A ??????????????????
?? Dennd2A???????????????????????
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Dennd2A??????????????????????????
? Dennd2A? Vav 3???? GEF????? DENN/MADD?????????????
??????????????????????????????????????????
????????????????????? Dennd2A ?????????????????
Vav 3 KO???????????????????????????? ?
? Dennd2A-/- ????????????? X ?????????????????????
?????????????????????????????????????????
???????????????????????????? in vitro??????????
???
? ?????????????????? KO????????????? KO???????
??????????????? ????????????????????????
Dennd2A ??????????????????????????Vav 3 ????????
??????? tyrosine kinase??? c-Src????????????? M-CSF?????
??? PI3? kinase ?????????????????????????????????
??????????? c-Src ????????????? ERα ??????????
Cathepsin K? TRAP????????????????????????????????
?????????????????????????????? Dennd2A???????
????????????????????????????????????????????
????????????????????????????
? ???????Dennd2A??????????????????? Rab 9???????
??????????????????????????????????????? Small?
GTPase? GEF????????????????????????????
?
???
? ???????????? Dennd2A ?????????????????????????
?????????????????? Dennd2A ????????????????????
???????????????????????????Dennd2A ??????????
????????????????????????????????????????????
????????????????????????????????????????
???
? ?
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?????
?
ALP       alkaline phosphatase 
AP-1       activator protein-1 
BMD       bone mineral density 
BV            bone volume 
Cre       cyclization recombination 
CMV          cytomegalovirus  
DC-STAMP    dendritic cell specific trans-membrane protein 
DENN         differentially expressed in normal versus neoplastic cells 
DH           dbl homology 
DHT      dihydrotestosterone 
Dmp1         dentin Matrix Protein 1 
DTA          diphtheria toxin A 
DXA      dual energy X ray absorptiometry 
E2      estradiol 
ER      17β-estrogen receptor 
ERE      estrogen responsive element 
ES cells      embryonic stem cells 
flox      flanked by loxP 
FLP      flippase 
FRT      flp recombinase target 
GAPDH      glyceraldehyde-3-phosphate dehydrogenase 
GEF          guanine nucleotide exchange factor 
ICM          inner cell mass 
KO      knock out 
loxP      locus of crossover of P1 
MADD        MAPK activating death domain 
M-CSF      macrophage colony stimulation 
N      number 
NFATc1       nuclear factor of activated T cells 1 
Ob.S      osteoblast surface 
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Oc.S      osteoclast surface 
OPG      osteoprotegerin 
OS           osteoid 
OVX      ovariectomy 
PCR      polymerase chain reaction 
PFA      Paraformaldehyde 
PH           pleckstrin homology 
RANK      receptor activator of NF-kappaB 
RANKL      receptor activator of NF-kappaB ligand 
Runx2      runt related gene2 
SERM        selective estrogen-receptor modulator 
TRAP      tartrate-resistant acid phosphate 
TV           total volume 
WT      wild type 
?
? ?
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?????
?
? ?????????????????????????????????????????
??????????????? 99%?????????????????????????
?????????????????????????????????????????
???????????????????????????? 4 種類の???????????
(osteoblast), ???(osteocyte), ????(osteoclast), ????(chondrocyte)?????
?, ???????????????????????????????(Fig1-1). 
	 ????????????????????????????????????????
?????????????????????????????????????????
??????????????????????????????????? Cathepsin K ??
?????????????????????????????????????????
??????????????????????????????????????????
??????????????????????????????????????????
??????????????????????????????????????????
??????????????????????????????????
 
	 ????????????????????????????????????????
????????????????????????????????????????????
??????????????????????????????????????????
???????????????????????? Small GTPase family ? guanine 
nucleotide exchange factor (GEF)????, ????????????????????
????????. 
? ????, GEF ??????????????, ?????????????????
??? Dennd2A ????, ???????????????????????????. 
????????, Dennd2A???? DENN/MADD????????????, ????
????????????????????, ???????????? Dennd2A???
????????????????. ???, ??????????????????? ?
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???? ????????????
?
? ???? ???????????????
? ?
? ?????????????????????????????????????????
??????????????????????????????????????????
????????????????????????????????????????????
????????????????????????????????????????????
????????????????????????????????????????120-150
??????(Fig1-2)?????????????????????????????????
??????????????????????????????????????????
????????????????????????????????????????
???????????????????????????????????????????
?? 1-4.?
? ?????????????????????????????BMD: bone mineral density?
??????????????????????????????????????????
??????????????????????????????????????????
??????????????????????????????????????????
?????????????????? 5,6????????????????????????
???????????????????????????????????????? 7-11?
(Fig1-3)??
? ?????????????????????????????????????????
??????????????????????????????????????????
???????????????????????????? 2,12-14.?
?
? ???? ?????????
? ?
? ??????
? ???????????????????????????TRAP(tartrate-resistant acid 
phosphatase)???????????????????????????????, ?
?????? 20~100 µm??????????? ?
? ?????????????????????????????????Fig1-4 ???
?????????M-CSF(Macrophage-Colony Stimulating Factor)?????????
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?????15,16????????????????????? RANKL(Receptor activator 
of NF-κB ligand)????????????????????????????????
? ?17,18 ? ? ?? ? ? ? ? ? ? ? ? ? ? ? RANKL ? ? ? ? ? ? ? ? ? ?
OPG(Osteoprotegerin)????????????19?????????????????
???????????????????????? ?
? ???????????????????????????????????????
??????????????????????????(H+)?Cathepsin K??????
??????????????????? ?
?
? ??????
? ???????????????????????? 20~30 µm ???????????
????????????????Runx2 ? Osterix ???????????????
??20-22?????????????????????23,24???????????????
?????????????????????????????????????????
????????????(lining cell)????????????????
? ????????????????????????????????????????
????Type I Collagen?????????????(ALP)???????????????
????????????????????????????????????????
??????????????????????????????????????????
?(Osteoid)????????????????????????????????????
??????25,26?
?
? ?????
? ????????????????????????????????????????
??????????????????????????????????????????
?????????????????????????????????????? 90??
???????????????????????????????????????????
??????????????????????????????????? ATF4 ??
??????????????????27,28 ?????????????????????
29 ?????????????? ?30 ?????????????????
SOST(sclerostin)?????????????????31 ???????????????
?????? Dmp1(Dentin Matrix Protein 1)???????32-34 
? ?
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???? ???????????????
?
? ???? ????????????
? ?
? ?????????????????????????????????????????
??????????????????????????????????????????
???????????????????????????????????????????
??????????????????????????
? ?????????????????????? M-CSF ?????? c-fms ????, 
????????????????? RANKL???????? RANK????????, 
???????????????, ?????????????????? 35. ?????
???????????, Pu.1, NF-κB, MITF, AP-1?????KO???????????
??????????, ??????????????.36???, NF-κB, AP-1?????
??, ????????????????????????? NFATc1(nuclear factor of 
activated T cells 1)????????????, ???????????????????
??????. ??, NFATc1 ????????????????, ??????????
????????????????????, ???????????????????
???. 37-39 
?
? ???? ?????????????????
?
? ?????????????????????????????????????????
????????????????????????????????????????????
NFATc1 ??????? 1 ????????? DC-STAMP(dendritic cell specific 
trans-membrane protein)?????????, KO ????????????????. 
DC-STAMP ???????????????????????????????, TRAP
?????? 3????????????????????, ???????. DC-STAMP
????????????????, ???????????????, ???????
?????????????????.40,41 
? ??????????, ????????????????????, ???????
???????????????????, Rho GTPase family????? Small GTPase
??????????????????????. Rho GTPase????????????
GEF(guanine nucleotide exchange factor)??????????, GEF?????????
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?????????????????????????????????? 42-44. ???
?????????????????(H+)? Cathepsin K????????????????
?????????????GEF??????????????????????????. 
? ?
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???? Small GTPase family? guanine nucleotide exchange factor(GEF)??????
 
? ???? Small GTPase family??????? 
?  
? ????GTP???????(Small GTPase)????????? 150????????
??, ???????????? 5???????????? 45. Rho?????????
???, Ras????????????, Rab?????? Arf????????????
?, Ran???????????????????????? 46-50. 
? Rho GTPase????? 21 kDa???????????G??????, GDP????
????, GTP???????????, GDP-GTP?????????????????
??????. GDP-GTP????? GEF? GAP????????, Rho???????
???????????(Fig1-5). ???? Rho????? Rac1, Rho A, Cdc42?, ??
????????????????????????????????????? 42,51-54. 
 
? ???? GEF????????
?
? GEF?, ???? Small GTPase????? GDP? GTP?????????????
????? 55. GEF????, ???????? Dbl homology (DH)?????, ????
Pleckstrin homology (PH)????????. Rho GTPase family?????? GEF???
??? 70???????, ????????Rho??????????????????
???????????????? 56,57. 
? ?
? ???? GEF?????????? 
 
? ???????????, Rac 1?????????GEF??????????? Vav 3
??????????????, KO???????????????? 58-61. Vav 3???
??????????????????????????????????????????
?????????????????????????????????????????
??? 62. Vav 3? KO???????????, Vav 3???? GEF?????????
?, ????????????, ??????????????????????????
????????.  
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???? DENN/MADD family???????????
 
? ???? DENN/MADD family??????????? 
?  
? Vav 3???????????????, GEF???????????????????
??????????????????. GEF ???????????????, ???
???????????????????????, DENN(Differentially expressed in 
normal versus neoplastic cells)/MADD(MAPK activating death domain)?????????
???????????????????.  
? DENN/MADD family????????????? 18?????, ??????????
DENND1A-C, DENND2A-D, DENND3, DENND4A-C, DENND5A/B, DENND6A/B, 
MTMR5/13, DENN/MADD? 8?????????????(Fig.1-6). DENN/MADD family
?????????????? Rab GTPase????????, GDP-GTP???????
?? 63,64. 
? DENN domain ????? uDENN(upstream), ???? central DENN, ????
dDENN(downstream)??????, ????????????????????????. 
8???????, DENND2??? 7?????????? N???? DENN domain??
???, DENND2?????? C???? DENN domain?????????????. 
 
? ???? DENN/MADD family????????
?
? DENN/MADD family ????????, ?????????????????????
???, ???????????????????????. DENND2 ? Rab9a/b ???
? GEF ??????, ?????????????????????????. ????
???????????????? DENND2B ??????, ????????????
????, ????????. ??, ???????????????????? 65-67. 
? DENN domain? Rab GTPase? GEF???????????, DENN???????
???? endocytosis ??????????, ???????????????????. 
??? DENN family?????????????????????, DENN family? Rab 
GTPase?????????????????????????????. 
? ???????, DENN family?????????, ????????????????
?????????????????. 
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???? ???????? Dennd2A??? 
?
? ???? ??????
?  
???????????? 
? 8 ??? C57BL6/J ????????, ???????? M-CSF ??????????
??????????????????, RANKL????????????????.  
M-CSF, RANKL????????????? Fig1-7????. 
??? 
1. ?????????????????????????(??????). 
2. ????????????????. ??????. 
3. 10 cm????? 70%EtOH?PBS?PBS?6well???? PBS???. 
4. Cell????????????. ?????. ???? PBS???.  
??????????? 100%EtOH????, ???????????. 
5. ????????????, ?-MEM(10%FBS, M-CSF??)??????????.  
??????? 50 mL??????????. ????????????. 
6. ?????????????????????(70 µm????, BD Falcon)???. 
7. 1000rpm, 10min, ???, ????? 6 mL??????????. 
8. Ficoll-PaqueTM PLUS(GE, store at 4?) 4 mL? 15 mL???????????.  
?????????????????????????. 
9. 7????? 8???????. ?????????????????????????
???????????. 
10. 2000rpm, 15min, ????. 
11. ?????????????????, ??????????? 2~3 mL??????
???????.  
12. ?????? 10 mL?? up. Wash?2(1000rpm, 5min, ??) 
13. ???1????2??normal 6 cm dish(Falcon)???37????. ???4 mL/dish. 
14. 8~10???????????????????????, ?????????. 
15. a-MEM(10%FBS, 100 ng/ml M-CSF)????, ??????????. 
16. 2?105 cell/well?????? 24 well?????BD Falcon??????. 
17. 48????? RANKL(100 ng/ml)???????. 
18. ???????????? DAY0, DAY2, DAY4, DAY5?????????, RNA??
???. 
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????? RNA?? 
??? 
1. ????? 
? ??????????????????????????????????????. 
????????? PBS????, 1well??? ISOGEN? 1 ml?????????, ?
?????????????????????????.  
2. RNA?? 
? ISOGEN ?? 26G??????????????????, ?????? 200 µl???
??????, 13000 rpm? 15??????. ???, ??? 450 µl?????????
????????, 13000 rpm? 15?????. ?????, ????? 70%?????
????, 13000 rpm? 5????????. ?????, ?????, ??? DEPC??
????. 
3. DNase?? 
? ??????, total RNA 20 µg??????(*1)?????, 37?? 30?? DNase??
?????. 
?*1?DNase???? 
   Total RNA            20 µg 
   10?DNase 1 Buffer    5 µl 
   DNase 1              2 µl 
   RNase OUT           1 µl     
   DEPC?? ?      total 50 µl 
??? 100 µl ????????, ????????????? 100 µl ???????, 
10000 rpm? 5??????. ?????????????????, 10000 rpm? 5??
????. ?????, ???????70%??????????. ??????????
????, ??? DEPC??????.    
4. ????? 
? ?????, ??????*2????? 37?15???????. ????, 85?5???
?????????, 4??????. 
?*2? 
  5?Buffer                 2 µl 
  Enzyme Mix            0.5 µl 
  Oligo DT               0.5 µl 
  Random primer (6mer)   0.5 µl 
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  RNA                    1 µg     
  DEPC?           total 40 µl 
 
????? RNA?? 
? 8??? C57BL6/J???????, ??????????, ISOGEN? 1 ml?????
???????????. RNA???? DNase???????????????. 
 
Real-time PCR 
? ???? cDNA? 1 µl? SYBR Premix EX Taq II (Takara Bio. Inc.)?????????
?. 
Thermal Cycler Dice (Takara Bio. Inc.)????????. 
?  
? ?????????????????????????. 
 
?Dennd1A 
F: 5’-GGCAATTCCCAGAGGACTACA-3’ 
R: 5’-GTGAGGCTGTCCACATAGAAGG 
?Dennd2A 
F: 5’-ACACGCACTTTATCGGAGGAG-3’ 
R: 5’-GAGATGCGGGGAAAGTCAAG-3’ 
?Dennd3A 
F: 5’-GACTGCCTCTCCTGTTTATTGACTC-3’ 
R: 5’-AGGCGGTGGACTAGGTATTAAGG-3’ 
?Dennd4A 
F: 5’-AGTAAAGGAGAGAGCCCACCAC-3’ 
R: 5’-TATACCGCAGATCCCCACATAC-3’ 
?Dennd5A 
F: 5’-CCTTTGATCAGGATGCAGTAGGA-3’ 
R: 5’-CCCAAATGTCCGAGAACCA-3’ 
?MADD 
F: 5’-CTAGGCAAGAAACTGGGCATC-3’ 
R: 5’-ACTGGACTTCTCCTCCACTAGCA-3’ 
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? ???? ??????? Dennd2A????????
?
? DENN family ?????????????????????????????????
??, ????????????????????????????DENN family mRNA??
??? Real-time PCR?????. 
? ????, DENN family??????Dennd2A, Dennd3, MADD???????????
???, Dennd2A ???????????????, ????????????????
?????(Fig.1-8-A). ??, Dennd2A ????????????????, ???, ?, 
?, ??????????????????(Fig.1-8-B). 
? ?????????Dennd2A ?????????????????, ?????????
??????????????????. ?
? ?
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???? ???????
?
? ???????, Small GTPase family? GEF????????????, Vav 3? KO
????????????????, ???????????????????????
??????????. ????, Dennd2A ????????????????????
???????????????, ???????????????, ????????
???????????. ??????, ???????? Dennd2A ?????????
??????????, ?????????????????????????????
???.  
? ????????, ????????? Dennd2A ??????????????, ??
?,  
???????????????????????. 
? ???????, Dennd2A? targeting vector????????? ES???????, ?
?????????????????????????Dennd2A???????????
?????. ???????, ????????????????????????, ??
?????????????????, ??????? Dennd2A???????????
?. 
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???? ???
?
? ?????????????????????, ????????????????, 
gene targeting?????????????????, ????????????????
???????????????????????. ????????????????
????????????????????????????????. 
? ???, ??????????? Neo ??????????????????????
?????, ???????????. ??????????????????????
???, ???????????????????????. ?????, ???????
?????????, ???????????????????, ??????????
?????????????????????????. ??????????????
????????, Cre/loxP ???????????????????????????. 
Cre/loxP ???????????, ????????????????????????
??????????????. 
?
? Dennd2A ?????????????? Dennd2A ????????????????
??????????????????????????????? Cre/loxP ???????
???????????????????????????Dennd2A? flox ????????
Dennd2A?????????????????
?
? ?
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???? ??????????????
?
???? targeting vector??????????? 
 
? gene targeting??????? 3????????????. 
? 1. ?????? targeting vector??? 
? 2. ?????????? ES?????? 
  3. ?????????? ES????????????? 
? ?????? targeting vector????????????, ES????????????
???????????????????????. targeting vector? ES???????
??, ??????????????????? DNA ????????????????
???????????????. 
? ???????, ???????????????? G418 ????????????
?, ????? ES ?????? DNA ?????????????????, ?????
?????????. 
? ??????????ES????????????????????8???????
??????, ES ????????(ICM)??????, ???????????. ???
???????, ??????????ES?????????????????????
????, ?????, ?????????????????????????????
???????????. 
 
???? Cre/loxP???????? 
 
? Cre/loxP???????P1???????????? Cre recombinase????????
?? loxP????????????????????????, 1994?? Rajewsky??
????????????????????? 68. 
? loxP ??? 34 bp ????????????????? DNA ????? , Cre 
recombinase? 2??? loxP??????, ???????????. ????, loxP??
???????????????????, ????????????????????
????? 69-73. 
? Cre/loxP ????????????????????????????????????
?? loxP??????????? flox????, ???????? Cre????????
Cre ?????????. ????????????????, ????????????
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????????????????. ??, Cre???? Estrogen Receptor??????
?????????????????? Cre-ERT2 ????? , SERM(Selective 
estrogen-receptor modulator)????????????????????? Cre????, 
?????????????????. ???????????????????????
???????. 
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???? targeting vector??? 
?
? ???? Dennd2A targeting vector????
? ?
? Dennd2A? Exon1~19????????coding region? Exon2~18?????1000????
????????????????Exon3 ??????? Exon2?4 ???????????
?????????????Exon3 ? 5’??? 3’?? loxP ????????? targeting?
vector?????????
? Dennd2A targeting vector? PCR???????????Dennd2A? BAC DNA????
??????????? PCR ?????????????????????????????
(pBluescript II SK? ??? loxP-loxP-FRT-Neo/KanR-FRT ????????????????
ligation??(Fig.2-3)??
?
? ???? ??????
?
? ??? Dennd2A??????????
? ???????????????(NCBI ??? Ensembl)?????? Dennd2A ???
???? BAC(bacterial artificial chromosome)?????????(BACPAC Resources 
Center)???????????????????????????? BAC ????? LB ??
???????????????????? BAC DNA??????PCR??????????
???????????????
BAC check???????
P1: 5’- TGAACACAGGAGGATTGCTG -3’ 
P2: 5’- TGCCAATCTGATGACTGCTC -3’       Product Size  550 bp?
?
?
? ???????????????
? ?? 5’?????????????????????????????BAC?DNA????
?????? long? arm ? short? arm ?????????? PCR ????????????
pBluescript????????????????????????????????
? ????????????????????????ES???????????????
?????????pMC1?DTpA?????? DTA(diphtheria toxin A)??????????
? ligation???? ?
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? ????????????? long?arm? short?arm????? fragment???????
? ligation ??????????????????????????? Dennd2A targeting?
vector?????(Fig.2-2)??
?
?
? ??????
? Dennd2A ??????BAC ??????PCR??????? long arm(5.1 kbp)??short 
arm(1.0 kbp)????????????????? ??????????????(Fig2-3 
targeting vector MAP??).?
? ? ligation????????????????????????????????long arm(5.1 
kbp), short arm(1.0 kbp), DTA ????(1.4 kbp)??????????????Dennd2A 
targeting?vector  (total 12.5 kbp)???????????????
? ?
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???? Dennd2A???????? ES??????????
?
? ??????? Dennd2A targeting?vector????????? ES??????????
??????ES????????? targeting?vector???????????????????
?????????
?
? ???? ??????
?
?ES??? ?
? ES??? C57BL/6????? 129?????????? F1? 4???? ??? ??
?????????? M1???????????, ?????????????????
??????????????????. 
?Feeder?? 
neo-resistant Primary Cultured Cell?????????? 
?plasmid 
loxP-loxP-FRT-Neo-FRT / pBluescript II SK  
????? 
?ESM?KOHJIN BIO, D-MEM (H), 500 ml, 4℃? 
1. 37? water bath?????? FBS (50 ml×2), 200mM L-glutamine (6 ml / 15 ml  
? tube)?????. 
2. 15 ml tube? D-PBS ?Wako?? 5 ml??, 2-mercaptoethanol? 17.5 ml??, tube 
? ??????.?→2ME soln.? 
3. 15 ml tube?, 200 mM L-glutamine 6 ml, MEM NEAA?GIBCO?5 ml, 2ME soln.  
? 500 µl????. 
4. ?? 500 ml???(DMEM stock?)? DMEM?KOHJIN BIO.?? 100 ml??. 
5. Filter? 50 ml?????????, ???? 3? FBS? filtration??. 
6. LIF?CHEMICON?? tube? flash?, 100 ml (50 ml×2)????????. 
7. 4?, ??????. 
8. 50 ml tube? 40 ml?????, 4???????.??????2??? 
?PFM?Wako, D-MEM (High glucose), 500 ml, 4?? 
1. 37? water bath?? FBS (75 ml)? penicillin-streptomycin (2.5 ml)?????. 
2. 50 ml????? Filter?????, Medium? Filtration??. 
3. 4?????.??????3??? 
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?FBS????JRH, 500 ml, Lot ; 1K0142, -20?? 
1. FBS? water bath 37???????. 
2. Water bath? 55??????, 55??????? 30 min incubation. 
3. ???????, 4???????. 
4. 50 ml tube? 50 ml?????, ??????????-20???????. 
?LIF????????, CHEMICON, 1 ml, 4?? 
1. ??? 1.5 ml Tube? 50 ml?????, 4?BOX??????. 
?MMC?Mytomycin C, SIGMA, 2 mg×3, 4?? 
1. 18G????? 5 ml?????? ES? PBS?? 5 ml??, ???????????
???? MMC???????.?????????? PBS 5ml? 
2. ???? MMC??????????? 50 ml Tube????. 
3. ??? 1.5 ml Tube? 750 ml?????, 4℃BOX??????. 
?G418?GENETICIN, NACALAI, 50 mg/ml, 100 ml, 4?? 
1. ??? 1.5 ml Tube? 1 ml?????, BOX?? 4?????. 
?Penicillin-Streptomycin?GIBCO, 100 ml, -20?? 
1. 4??????, 15 ml Tube? 5 ml??????. 
2. ?????????, -20???????. 
?0.3% Gelatin 
1. ?????SIGMA?? 3 g??, 1 L??????????. 
2. PBS??????. 
3. Autoclaved 
?0.05% Trypsin-EDTA?GIBCO, 100 ml, -20?? 
1. 37? water bath??????. 
2. 15 ml tube? 10 ml??????. 
3. ?????????, -20???????. 
4. ???? Tube???????? 4???????. 
?200 mM L-glutamine?GIBCO, 100×, 20 ml, -20?? 
1. 37? water bath??????. 
2. 15 ml tube? 6 ml??????. 
3. ?????????, -20???????. 
 
????? 
1) Feeder????? 
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? ES ??? G418 (Neomycin ????)??????????????????????
?????????, Neomycin ????????????????????????
fibroblast????????. ??????????????????. 
 
?????????Feeder????????? 
1. ????????4????? 0.3% Gelatin? nunc?? dish / plate????.?? 
??????????10 cm→5 ml, 6 cm→2 ml, 24 well→300 µl, 48 well→200 µl 
2. 37?, 2 hr?1 day incubation.?
?
?Feeder cell???stock 
?Feeder??? 
1. ??? 10 cm dish?5 or 10???????????. 
2. 15 ml tube?? PFM? 9 ml??, PFM???? 37? water bath?????. 
3. ????????? Feeder? 1 or 2???, 37? water bath??????. 
4. 2 ml?????? Feeder? 15 ml tube???, medium???????. 
5. 1000rpm, 3 min, 4?????. 
6. Tube???????, tube??? tapping??. 
7. 10 cm dish????????????, ? PFM? 9 ml?????. 
8. Tube?? PFM? 5 or 10 ml?? suspend?, dish? 1 ml?????. 
9. ????????, dish????. 
10. 37?, 3 days culture??. 
11. ???? 3???? PFM 10 ml?? Medium change??. 
?MMC???stock????? 4?????? 
1. 50 ml tube?? PFM 30 ml? MMC 750 ml????. 
2. 10 cm dish? medium????, MMC?? PFM? 10 ml?????. 
3. 37?, 2.5 hr incubation.????? 
4. ? PBS 5 ml?? dish??? wash??. 
5. ? Trypsin? 1 ml??, ???? 80????????. 
6. ? PFM? 4 ml????, pipetting???? 50 ml tube?????. 
7. ? PFM 5 ml?? 10 cm?5???????, 50 ml tube????. 
8. ??? 30 ml??, ??????????. 
9. 1000rpm, 3 min, 4?????. 
10. ??????, tube??? tapping??. 
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11. 0.5?107 cells / ml / tube???????????????, 1 ml?? serum tube 
? ????. 
12?Freeze box???, -80???????.??????1~2??? 
 
?Feeder cell???MMC? Feeder??, ES????????? 
1. Feeder????????????. 
? 1?106 cells / 3 ml / 6 cm, 7.2?104 cells / 200 ml / well (48 well plate) 
? 3.5?104 cells / 200 ml / well (48 well plate, for southern) 
? 7?104 cells / 400 ml / well (24 well plate, for southern) 
2. 15 ml tube? PFM? 8~9 ml??, PFM????? 37? water bath?????. 
3. -80? stock? MMC? Feeder?0.5?107 cells / vial??????, 37? water bath 
? ??????. 
4. 2 ml?????? Feeder? 15 ml tube???, ?????. 
5. 1000rpm, 3 min, 4??????. 
6. Dish / plate?????????????. 
7. 15 ml tube???????, tube??? tapping??. 
8. 6 cm dish??? PFM? 2 ml?????. 
9. ? PFM? 15 ml tube???, suspend?, dish / plate????6 cm dish?? 1 ml 
? ?????. total : 3 ml PFM / 6 cm dish? 
10. Dish / plate???????, ?????, ?????????. 
11. Dish???????? 10??????, ?????????????. 
12. 37?, 1 day culture??. 
 
2) ES????? 
? ?????? ES??? 6 cm dish??????. ??? 5 ml????. ???????, 
????? 2???????. ??? ES??????????. 
 
?ES (M1, WT)????? 
1. ? ESM 9 ml? 15 ml tube????. 
2. ?????? BOX?? serum tube? 1?????, 37? water bath????. 
3. 2 ml?????? ES cell? 15 ml tube???, ???????. 
4. 1000rpm, 3 min, 4????. 
5. ???? Feeder???? 6 cm?1??? ESM 2 ml?? Medium change??.?PFM?
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???, ESM? 2 ml??, CO2 incubator????? 
6. Tube????????, tube??? tapping?, ESM 5 ml?? suspend??. 
7. Feeder dish? ESM????, ES cell?????. 
8. ???????? check?, dish?????????. 
9. 37?, 1 day culture??. 
10. 2?????????????? Medium change???. 
 ?dish?? medium????, ??? ESM? 5 ml???. PBS?? wash??? 
11. ????????????, ???? 2??????????. 
?
???????6 cm?1??6 cm?3-4?, 2?105 cells / 6 cm dish? 
1. Feeder???? 6 cm?3-4?? medium????, ? ESM 2 ml?? wash??. 
2. Medium????, ? ESM? 2 ml??, CO2 incubator????. 
3. ES?? PBS 2 ml?? 2? wash??. 
4. ? Trypsin? 1 ml??, dish?????????????? 60-80 sec????. 
5. ? ESM? 2 ml??, dish??????? suspend?, 15 ml tube???. 
6. 1000rpm, 3 min, 4???. 
7. ??????????, tube??? tapping??. 
8. Tube?????, tube???????????????.  
? ???? 4???, tube?????????? 4???.?single cell?????? 
9. ? ESM? 12 ml?????, Medium change?? Feeder dish? 3 ml?????. 
10. ???????? check?, dish?????????. 
11. 37?, 1 day culture??. 
12. ??? 6 cm?2??6 cm?11-12??????. 
???????6 cm?4??6 cm?12?? 
1. Feeder???? 6 cm?11-12??? ESM 2 ml?? wash??. 
2. Medium???, ? ESM? 4 ml??, CO2 incubator????. 
3. ES?? PBS 2 ml?? 2? wash??. 
4. ? Trypsin? 1 ml????, dish?~80 sec??????????. 
5. ? ESM? 2 ml????, pipetting? 15 ml tube???. 
6. 1000rpm, 3 min, 4???. 
7. ??????, tube??? tapping??. 
8. Tube????? 4??????. 
9. ? ESM? 12 ml?????, Medium change?? Feeder dish? 1 ml?????. 
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10. ???????? check?, dish?????????. 
11. 37?, 1 day culture??. 
12. ??, ? ESM 5 ml?? Medium change??. 
 
3) Electroporation??? selection 
targeting vector?, QIAGEN EndoFree Plasmid Maxi kit??????????. 
targeting vector?????? linearize?, ?????? Electroporation????. 
 
 
 
??????? 
1?????????????, 37??????????. 
DNA                      500 µl (550 µg) 
10?NEB 4 buffer           140 µl 
100?BSA                  14 µl 
AhdI                       50 µl (5 U/µl) 
MilliQ             ? ?  ?  696 µl       ?   
Total                     1400 µl         
2??????-???????? 2?, ?????? 1?, ???????????. 
3?targeting vector? HBS???????, ???????. 
 
?Electroporation & Selection 
1. Feeder ???? 6 cm?16 ??? ESM 2 ml ?? wash ?, ? ESM 4 ml ??? CO2 
incubator????. 
2. 15 ml tube? PBS????, ??????. 
3. ?????? DNA? 20?25 µg????. 
4. ES?? PBS 2 ml?? 2? wash??. 
5. ? Trypsin 1 ml??, 60-80 sec ??????.?5-6?????????? 
6. ? ESM 1 ml??, suspend???? 15 ml tube?????.?5.5~6?/tube? 
7. ? ESM 2 ml?? 6 cm?6??????, 15 ml tube????. 
8. Tube?? suspend?, 30 ml??, ??????????. 
?total : 2?107 cells / EP?????? 
9. 1000rpm, 3 min, 4????. 
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10. ??????, tube??? tapping??. 
11. ? PBS 5 ml?? suspend??. 
12. 1000rpm, 3 min, 4????. 
13. ??????, tube??? tapping??. 
14. 11-13? 2?????. 
15. 2?107cells / ????? (total : 800 µl)??????? PBS?? suspend?, ????
?????. 
16. RT, 5 min????. 
17. ??????????????, EP???????????????. 
18. Set volts (kv)???, 240 V ( .240)??????. 
19. Set high cap (uF?1000)???, ( .500)??????. 
20. Capacitance (uF)? High????. 
21. ???????????, ???? 2-3 sec????. 
22. RT, 10 min????. 
23. 15 ml tube?? ESM? 8 ml???. 
24. 1 ml????????????? ES? tube???, ????????????. 
25. ?? suspend?, medium change?? Feeder dish?? 8?? 1 ml?????.?total : 
5 ml / 6 cm dish? 
26. 37?, 1 day culture??.?18 hr?? culture??? 
27. Selection for 1 week (7-8 days, G418 150 µg/ml ESM, G418 30 µl / ESM 40 ml) 
 
4) Colony pick up 
? ????????? 1???, G418????????????? pick up???. 
1. ???? 70% Et-OH??????, ???????, UV?? 10 min????. 
2. 96well plate? Trypsin?????????? 100 ml??????1??? 5 or 4 colony
????, 1 colony??? Trypsin? 2 well????. 
3. Feeder???? 48well plate? G418??? ESM 100 ml?? wash??. 
4. Medium????, G418??? ESM? 250 µl????, CO2 incubator????. 
5. P10 (5 µl????), P200 (80 µl????)?????????. 
6. ????? ES colony????????????????? check??. 
7. P10?????? colony? medium??????, 1??? Trypsin well????. 
8. 6 cm?2???8-10 colony?? pick up??. 
9. ????? 96 well???? ES colony????, plate??????? P10?????
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? colony? 2??? Trypsin well???. 
10. ????????? ES colony?????. 
11. 80 ml??????????? 25? / well pipetting?, ?? 48 well plate???. 
12. Plate????, CO2 incubator????. 
13. 6-11? 6 cm?8??????.?total : 4?? 
14. 1??? Pick up??????, 6 cm?8?? G418?? ESM?? medium change. 
15. 2?????? ES colony? pick up??. 
16. Pick up????? stock???? G418?? ESM?? medium change???. 
 
5) Stock??? ES cell culture for southern blotting 
colony pick up?, 3~4??? sub-confluent?????????? stock????. 
 
 
 
?Stock & cell culture for southern blotting 
1. DMEM?Wako?40 ml, FBS 10 ml, Glutamine 600 ml? 50 ml tube?????. 
??DMSO (-), Filtration??, 1?? EP???? 
2. ??? 50 ml tube? 1????? medium? 18 ml??, DMSO?1?????? 15 ml 
tube????? 4.5 ml???.??DMSO (+), stock? medium? 
3. stock???? serum tube????, ?????, ?????????. 
4. Feeder???? 24 well plate?? ESM 500 ml?? medium change?, CO2 incubator
????. 
5. ES?? PBS 200 µl?? 2? wash??. 
6. Trypsin? 100 µl????, 20 sec?? plate??????????????. 
7. DMSO (-)? medium? 300 µl?????. 
8. Serum tube??????, medium change?? Feeder plate?????. 
9. 1000 µl????? 200 µl????, ES? 8? pipetting??. 
10. 200 µl? serum tube???, ?? 200 µl? 24 well plate????. 
11. Serum tube? DMSO (+)? 200 µl?????. 
12. ?????, tube??????. 
13. Freezing container???, -80???????. 
14. Plate??????, 37?, 2-3 days culture.?medium change??? 
15. medium?????????????????????. 
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6) ES?????????? 
????????????????? Southern Blotting???????.  
????? electroporation?? ES????????????. 
 
1. ????????????? 24 well plate? ES??? PBS???, lysis buffer? 1 well
?? 500 µl???. 
2. plate??????????????, ???????. 
3. ?? plate? 55????????????????????. 
4. ?????????????????, ???????????. 
5. 12000 rpm, 10??????????????????????????. 
6. ??????????????????????. 
7. 12000 rpm, 10??????????????????????????. 
8. ?????? isopropanol???, ??????????? DNA?????. 
9. ??? 12000 rpm, 10???? 70%????????, 30 µl? dH2O??? 37????
DNA?????. 
 
7) Southern Blotting 
????? 
?50?TAE? 1 L  
?TS Buffer????? 
? ? NaCl  105.18 g 
? ? NaOH  48 g 
  ?Water up to 3 L 
?DIG Hybridization Buffer 
? ? 1M Na-Pi  250 ml 
? ? 0.5M EDTA  1 ml 
? ? SDS  35 g 
  ?Water up to 500 ml 
?DIG wash Buffer  
? ? 1M Na-Pi  120 ml 
? ? 10% SDS  300 ml 
   ?Water up to 3 L 
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?NS Buffer  
? ? NaCl  175.32 g 
? ? Tris base  181.71 g  
  ?Water up to 3 L(pH7.0???) 
?DIG??  
? ? 1M Tris-HCl (pH7.5)  300 ml 
? ? 5M NaCl  90 ml 
  ?Water up to 3 L(pH7.0???) 
?
????????
DNA???????????????????
??????????????37???????????
Long arm (Probe A) 
DNA                    10 µl 
? 10×H buffer              2.5 µl 
? EcoRV    ?       ?  ?  1.5 µl?  
? Water   up to            25 µl ?
Short arm (Probe B) 
DNA                    10 µl 
? 10×H buffer              2.5 µl 
? EcoRI    ?       ?  ?  1.5 µl?  
?      Water   up to            25 µl 
 
????? 
??????????????????. 
 
1. 400 ml? 0.7% Seakem ME ????? in 1xTAE???????, ?????????
?(10 mg/ml) ? 2 µl ????. 
2. ??? 50??????????, ???????. 
3??????, ????????????????????????. 
4?20V???????? 1xTAE????????. 
5??????, UV?????????????????????.  
6???????????????, ??????????????????. 
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???????? 
1. ???????????????????????? (??????????????
?????), ??? Transfer Solution  (TS) ? 30???, DNA??????????. 
2. ???????????????. ???????????? (?????), 3MMC ?
? (Whatmann) 2? ???????????, ????? (Pall Corporation) 1?????
??????, ??, 3MMC?? 2???????????????. ?????????
????????????????.  
3. 30?????????? TS???, 4???????????????. 
4. ??????????, ?????? Neutralization Solution (NS) ? 15?????. 
5. UV staratalinker (STRATAGENE) ???? UV???????, ??????? DNA?
????. 
 
???????????? 
DIG-?????????????????. 
???????? 
1?BAC DNA???? template DNA? PCR???????. 
2????, ???? template DNA?????????? DIG-?????????. 
3?DIG-?????? PCR??????. 
 ? ??????????????.?
template DNA                      300 ng 
? 10×PCR buffer                      10 µl 
? 10×DIG DNA Labeling Mix(Roche)? ?  4 µl 
10 mM Forward Primer               10 µl 
10 mM Reverse Primer             ? 10 µl 
rTaq (TAKARA)                       1 µl      
? Water   up to                       100 µl? ? ?
4?PCR? cycle??????????????
? ? 1st  cycle  denature ?     94℃? 3min 
? ? 2nd  cycle  denature ?     94℃? 1min 
? ? ? ? ? ? ? ? annealing       47℃? 2min?       ×28 cycles 
? ? ? ? ? ? ?  extension?      72℃? 3min 
       3rd  cycle  last extension   72℃  5min?
?
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?????????
probe????????????????????. 
Probe A-5’: 5’- GTGTGTCATGGTTGGACAGG -3’ 
Probe A-3’: 5’- GATTGGCCCGTGAAATACAG -3’  
Probe B-3’: 5’- AGCATTTCTGTGAGGGAAGC -3’ 
Probe B-3’: 5’- ACTGAGGCAGCTGACATGG -3’ 
 
???????????? 
1. ????????????????, ????????????????????. 
2. 1.5 ml????????? 3 µl? MilliQ? 500 µl???, 100?? 5?????. 
3. ???, ?????? 3????. 
4. ???????? 65??????????????????. 
5. ????????????????????????????, 65?????????
???. 
 
???????? 
1. DIG ?? Buffer ?????????, ?????????? 20??2????? 65?
????. 
2. DIG Buffer 1???? 5??2? ?????????, SDS?????. 
3. DIG Buffer 2 ??????????? 30????. 
4. ??????????????, Anti-Digoxigenin-AP, Fab fragments(Roche)??(??
??????????)???, ??????????, 1?????????????. 
5. DIG Buffer 1???, 15??2?, ?????????, ??????????. 
6. DIG Buffer 3 ???? 5?????. 
7. ?????????????????????????, assay??????, ????
????????? 5?????. 
8. DIG Buffer 3??????. 
9. ???????????????????, ???????????, ???, ???
?? X??????????????????????. 
10. 20??~1????????. 
?
?
?
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? ???? Dennd2A???????? ES??????
?
? ?????????????????????????????????DIG ?????
????????????long?arm?? short?arm????? Southern Blotting????. 
 
? ????? 
? Dennd2A???????????????Electroporation???, 58??G418??ES
?????????. ?????????????, Probe B????short arm?????
???????????, 17????????????????. ????, Probe A??
?? long arm?? loxP?????????????????????????, 16???
?? loxP????????????????(Fig.2-4). 
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???? ????????? Dennd2A?flox???????
?
? ??????????? Dennd2A? ES?????????????, Aggregation??
???????????????. ?????????? M1 ES???????? 8??
??? Aggregation ??????????????????????. Aggregation ??
Injection ????, ??????????????????????????. ???
Aggregation??????????????. 
 
???? ????? 
 
??????? 
1) ??????? 
? ICR CD-1 8?????????????????, ????????????. 
1. ???????????????, ??? 70%??????????. 
2. ???? 1.5 cm?????? 1 cm????. ??????????????????
??. 
3. ???????????????, ?????????. 
4. ????????????, ??????????????????????????
?. 
5. ????????, ???????????. 
6. ??????????, ?????????. 
7. ???????? 37???????????????. 
? ???????????????, ??????????, ????????????
???????????????????????.  
2) ?????????? 
? BDF1 8?????????????????, ?????????? 2??????. ?
???????????, ?????????????, ?????????. ???
Aggregation? 20?????.  
3) ???????? 
? BDF1 6?????????????????, ?????????? 1???????
?. ??? Aggregation? 20?????. 
4) ??????????? 
? ICR CD-1 8?????????????. ????????????????????
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???????????????????. ???? ICR CD-1 8???????????
??????. 
5) ??????? 
? ???????????????.?
?
????????????????
?
1) ??????
???
1. ?? 5??????????? 5 IU? PMSG? ???????????? ?????
??????? FSH? ???????? ???????????????
2. PMSG????? 48??????5?IU? hCG? ???????????? ????????
?????????????????? hCG ? LH? ???????? ?????????
??? 2 ????????????????????????????????????
? 2???????????
3. ?????????????????????????????????????????
??????????????????(vaginal plug)???????????????????
?????????????? 3 ?????????????????????????
??????
?
2) ???
? 8?????????????????? ? ??????????????
???
1. ???? M16?Medium?SIGMA?? FCS? 10?????????? ? Medium??????
??????????? 30G??????????????????35 mm??????
???????????? ???? ??????????????????? 5??CO2 ?
????????????????
2. ??????????????????????????? 70????????????
????????????? 5 mm????????
3. ??????????? 35 mm?????????????????????? 30G??
?????????????????????????????????????????
??????????????????????????????????????? 1
??????10~20???? 8????????????
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3) ??????
???
1. 35?mm??????????? 100 µl? Tyrode??? 100 µl? Medium(???)? 2
??????, ??????????. 
2. ???? 8????? 30???????????????????? Tyrode????
???????????.?
3. ???????????????????????? Medium ?????????????
????????? Medium?????
4. 5??CO2?????????? ES???????????????????
?
4) ES??????
? ??????????????????????Aggregation ???? 6 cm ??????
sub-confluent????? 2~3??????????????Aggregation???????. 
??? 
1. Trypsin (50 ml tube), PBS (Wako, 500 ml), ESM (50 ml tube)? 37? water bath????
?. 
2. ????????? ES (6 cm?2)?? PBS 2 ml?? 2? wash??. 
3. ? Trypsin 1 ml???, RT?? 50-80sec?????dish????, ?????????
???????. ??????????????????? 
4. ? ESM? 2 ml???. 
5. Dish???, 5 ml????????????? 5-6? suspend??. 
6. 15 ml tube??????. 
7. Tube????????????, ????????????, ????????. 
8. ?????, ?????????.?
?
5) Aggregation 
? ?????????????????????? 8????? ES??????? Injection
??????????, ???????????????????Aggregation?????
???. ?? Aggregation????Darning Needle?(????) Aggregation???????
?. ???????Darning Needle?Aggregation????????????. ???? 1?
??? 20?????, 20???????????. ???Aggregation?? 10?????. 
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??? 
?Darning Needle Aggregation???????(???????) 
1. 35 mm ??????????? 20 µl ? Medium ? 4 ???, ?????? 40 µl ?
Medium?????. 
2. 20 µl? Medium???, ?????????? 0.5 mm??????? 5??????. 
????????????????????(????????????) 
3. ?????????????, ???? 5% CO2??????????????. 
? (Medium? pH????????????????) 
?Aggregation?
1. ???????? 8????????????????? 1????????
2. 4? ???? ES??? 35 mm??????????? 100 µl????????????
????
3. Feeder ?????????????????????? ES ??????? 8 ???? 1
???? 5~10??????? ES???????????
4. ???? 37???5??CO2???????????????
?
6) ???????
? ????????????????????????????????????????
?????????????????????????????????8?????????
????.  
? ??????????????, ????????, ???????????????
???????????. ????, ???????????????????????
???, ????????????????????????. ??, PMSG??????
????????????, 48 ??????????????????????????
???????????????. ???, ??? 2.5 ??????????, 5)????
???????. ?????? 10???, 1???? 10~20??????????. 
?? 
1. ????????????????????, ??? 70%??????????. 
2. ????? 1 cm?????, ?????????????????????????. 
3. ???????????Medium?????????, ?????????1 mm???
?????. ???????? 5 µl??? Medium??????????. 
4. ???????????????????????. 
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5. ????????????????????????, 26G ????????????
???. ????, ?????????????????, ?????????. ??
?, ?????????????. 
6. ???????????, ?????????????, ????????. 
7. ??????????????. 
8. ???????? 37?????????????.?
?
7) ?????
???????????????ICR? 15???????, ???????????????
?. ?????? 1~5 ???????, ??????????????????????
????. ????, ???????????, ???????????????????
??.  
??? 
1. ??????????????????????. 
2. ?? 17????????????????????, ????. 
3. ???????, ????????. ???????, ???????????, ???
????.  
4. ??????????????????, ?????????. 
5. ??????????, ?????????????, ??????????????
???????. ?????????????????????????. 
6. ??????????????????????(????????????) 
7. ???????, 5~10???????????????. 
?
8) genotyping 
? ??10?14??????1?cm???, ??????????????????????. 
???????? NaOH??????? DNA????, PCR??????????. 
?? 
1. ????????? 95????????. 
2. 0.05N NaOH? 500 µl???. 
3. 95?? 30?40 min?????????. 
4. ?????????, ???????. 
5. Tris HCl(pH7.6)? 200 µl??, 12000rpm, 5 min ????. 
6. ??? 1 µl??? PCR????. 
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?????????????????. 
Dennd2A genotyping primer 
F: 5’-TTGATGTTAACCCTCCAGCTTT-3’       floxed allele  221bp 
R: 5’-AACATATGAGGCATGCTTTGC-3’          WT allele  150bp?
?
?
? ???? ????????? Dennd2A?flox?????????
?
? ?? 2 ?? Aggregation ?, Dennd2A(1-18)?????????? 60%??? 1 ?, 
Dennd2A(2-7)?????????? 100%, 90%, 80%??? 1?, 100%?? 1????. 
????Dennd2A(2-7)???????????????? 4??, 8???C57BL/6J??
????. ???? F1?????? PCR?????????, ???? 100%?????
??? 5??????, 4?? Dennd2A floxed allele???????????, ?????
?? germ line transmission?????(Fig.2-5 A). ???????, Dennd2A flox????
????????????. 
? ????? M1 ES??? BDF1?? 8?????? Aggregation??, ???????
???????????????????(Fig.2-5 B). ??, M1 ES????????, ?
???????????????????. ???, ??????????? germ line 
transmission?????????, Aggregation???? Dennd2A(2-7)?????????
Y???????????????????. 
?
? ?
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???? ??? Dennd2A????????(Dennd2A-/-)????
?
? ????????????? germ line transmission???????Dennd2A?flox?????
??????????????????Dennd2A?flox???? C57BL/6J????? 7????
?????????????, ??? Cre recombinase????? CMV-Cre??????
???????, ??? Dennd2A????????(Dennd2A-/-)???????. 
? ????? Dennd2A-/- ???? Dennd2A????????????????? PCR?
Real-time PCR???????????.  
 
? ???? ??????
?
???? PCR?
? ?? 10~14?????? 1 cm?????????????????????????????
???????? NaOH??????? DNA??????PCR????????????
???
1. ????????? 95??????????
2. 0.05N NaOH? 500 µl?????
3. 95?? 30?40 min???????????
4. ????????????????????
5. Tris HCl(pH7.6)? 200 µl????12000rpm, 5 min???????
6. ??? 1 µl??? PCR??????
?
???????????????????
Dennd2A genotyping primer 
F: 5’-TTGATGTTAACCCTCCAGCTTT-3’        
R1: 5’-AACATATGAGGCATGCTTTGC-3’          WT allele  150 bp 
R2: 5’-CTAAAGCGCATGCTCCAGAC-3’            L- allele  280 bp?
?
?RNA?? 
1. ??????? 1cm?????, ISOGEN(?????????)? 500 µl??????
???????, 500 µl????????????????. 
2. 12000rpm, 4?, 20min??. 
3.  ?????????????????????. 
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4.  12000rpm, 4?, 15min??. 
5.  ?????, ??? DEPC????? 70%?????????. 
6?? ? 12000rpm, 4?, 5min??. 
7?? ???????????????????DEPC???? MilliQ??????????. 
8?? ??????????? total RNA??? RT??????. 
 
?Real-time PCR 
1. ???? RNA? DNase I???, PrimeScript RT Master Mix (Takara Bio. Inc.)????
??????. ??????? Kit?? Random 6mer primer????. 
? ???????????
? 5×Buffer       ? 5 µl 
  Enzyme Mix     0.5 µl 
  Oligo DT   ? ?  0.5 µl 
  Random 6mer    0.5 µl 
  RNA           500 ng?
2. 37?, 15min.?85?, 5sec. 
3. ???? cDNA? 1µl? SYBR Premix EX Taq II (Takara Bio. Inc.)?????????
?. 
4. Thermal Cycler Dice (Takara Bio. Inc.)??????. 
 
? ???? cDNA? 5?????? 3?????????????????? 3????
????????????????. ?????????? Gapdh????????.?  
? ?????????/???? Dennd2A ?????????????????????
?????. 
 
? ???? Dennd2A-/-????? 
 
? Dennd2A?flox????C57BL/6J????? 7?????????????????, ?
?? Cre recombinase????? CMV-Cre????????????? F1??????
???? DNA? RNA????, ??? PCR? Real-time PCR??? Dennd2A????
???????. 
? ????? DNA ???? PCR ???????, 150bp ? WT allele ???? WT ?
(Dennd2A+/+)? 280bp? L- allele????? KO?(Dennd2A-/-), ???????????
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????????(Dennd2A+/-)?????(Fig.2-6-A). 
? ??WT, ???, KO????????????? RNA???? Real-time PCR???
??????, WT?? Dennd2A????? 100%???, ??????? 50%?, KO?
???? 100% Dennd2A??????????????????(Fig.2-6-B). 
 
? ???????, ??? DNA ?????? mRNA ??????? Dennd2A-/-??
Dennd2A ??????????????????. ??? Dennd2A-/-?????????
??????, ????????? Dennd2A+/+? WT ?(???), Dennd2A-/-???? KO
??????????????????. 
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???? ??? Dennd2A???????????????
? ?
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???? ???
?
? ???????????? Dennd2A????????(?? Dennd2A-/-)????????. 
??????, Dennd2A-/-?????????. ??????????, Dennd2A????
????????????, GEF ?????????????????????????
???, Dennd2A?????????????????????. ??????, ????
? Dennd2A-/-?????????????????, ???????????????. 
? ??????????, Dennd2A ???????????????????????, 
???????????????????, ?????????????. 
? ???????, Dennd2A ?????????????????????, ?????
?????????????????????, ??????????????????
??????????, ??????????????????. 
? ???????, ???????????? in vitro????????, Dennd2A???
?????????????????????????????. 
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???? ??????????
? ?
? Dennd2A?flox?????????Cre?recombinase?????CMV?Cre????????
??????????????????? Dennd2A???????? Dennd2A-/-?????
???Dennd2A ?????????????????????????????????, 
?????, ???????????????????, ?????????????.?
?
? ???? ??????
 
??? PCR 
? ????????????????????????????????, ??????
??? PCR???????????????????????. 
 
???? 
? ??????? 2???? 16???????, ?????????. 
 
???? 
 16 ?????????????(??????????)??????, ???, ????
??????, ???????. ????????????????????, WT ?? 1
?????? KO?????????. 
 
?????????????????? 
? 16?????????????(??????????)??????, ???, ????
??????????????????????????(???????)??????
???. 13000rpm ? 5 ???????, ????????, ?80??????. ????
??????????????, ????????? SRL?????????. 
 
?????? 
? ????????????????, ??????????????, ????????
???????????. ???? TTEST????????. 
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? ???? Dennd2A-/-???????
?
? ??, Dennd2A??????????????????????, Dennd2A-/-?????
????. Dennd2A ????????(Dennd2A+/-)????????, ??? 10 ????
????????????DNA????, ???PCR???????????. ????, 
???????????????WT: ???: KO = 1 : 2 : 1?????????????
??. ???Dennd2A-/-????? lethality???????????????????????
??(Fig.3-1)??????Dennd2A-/-????? C57BL/6J ????????, ????????
???????????????????????????????????
? ??, 2???? 16?????????????????, Dennd2A-/-?????????
????????????????????????(Fig.3-3)???????????????
???????????????????. 
? ??, 16???????????????????, Dennd2A-/-????????????
?????????????????????? Dennd2A???????????????
?????????, ??????????????????(Fig.3-4). 
? ???????, Dennd2A-/-?????????????????????????????
??????????????????????????????
?
?
? ?
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???? ?????????????
?
? ?????? Dennd2A-/-?????????????????????Dennd2A-/-?????
???????????????????????????????????
? ??????????Dennd2A ???????????????????????????
?????????????????????????????
?
? ???? ??????
?
? X??? 
? 16???????????????????, ????????????????. ??
???? 70% EtOH??????. ?????????????????????, X??
???????????. X???????????????????????????. 
 
????? 
? ? X ???????????????????????????. ????, ????
???(ALOKA:DCS-600EX)???????. ???????????, ????????
?? 20 ???, ???????????????. ???????, ????????, 
????????????. ????????, ????????, ?????????
?.  
???? CT?? 
? ? X ?????????????????????????????????. ???
? SCANCO MEDICAL???CT 35???, ????????????????????
?, ???????????????????. 
?
??????
????? 
?Calcein buffer 
? 5N NaCl  1.5 ml 
  NaHCO3   1.0 g 
  MilliQ     48.5 ml 
  ???, 4??????. 
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?Calcein? Solution  
  Calcein?Sigma C0875-5G?   2.5 mg 
  Calcein buffer                1 ml 
  Calcein Soiution??????????. ??????????? 1?????????
?. ??????, ????????????????. 
 
?4% paraformaldehyde (PFA) 
  A??  PFA?Wako 162-16065?? ? ? ? ? ? ?   40 g 
         5N NaOH       ? ? ? ? ?              750 µl 
         MilliQ               ? ? ?              960 ml 
  B?  25?PBS          ? ? ? ? ?              40 ml 
? A?? 60?????, ????? B?????. 
 
?MMA????? 
  destabilized MMA???? 
? MMA???? ?Wako 139-02726-500ML?    500 ml 
? Al(OH)3 XH2O?MERCK 1.01091.1000G?      ? 50 g 
? ???, 4?? 12????, ?????.  
? ???????. 
 
?MMA????? A? 
? destabilized MMA????? ? ? ? ?             200 ml 
  NPG?Sigma 74432-250ML?                   14 ml 
  BPO?nacalai tesque 04422-02-25G?         ? 0.66 g 
  ??? 10???????. ?? 4-5??????. 
 
?MMA????? B? 
? ???MMA????? A????????, ????????????. ?? 1???
???, A?????????. 
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?MMA????? 
? destabilized MMA????? ? ? ? 100 ml 
  NPG                             7 ml 
  BPO                             0.55 g 
? DMPD (Wako 046-03323-25ML)     0.5 ml 
  ??? 30??????????.  
 
?Cutting solution 
  70% EtOH? ? ? ?               10 ml 
  ddH2O                          90 ml 
  Liquid soap? ? ? ?              8-10 drops 
 
?Stretching solution 
  70% EtOH? ? ? ?                          50 ml 
  2-Butoxyethanol(Wako 053-02636-500ML)     50 ml 
 
?1% AgNO3  
  AgNO3 (Sigma S-0139)               2 g 
  distilled water                      200 ml 
  ????????????????.   
 
?Sodafomol  
? Sodium carbonate (Sigma 2127)      10 g 
? distilled water                      150 ml 
  formaldenhyde                      50 ml 
 
?5% Na Thiosulfate  
  Sodium Thiosulfate (Sigma 1648)     10 g 
  distilled water                      200 ml 
  ????????????????. 
  4????????. 
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?Von Gieson 
  ??????? F (Wako 221-01415)    25 ml 
  Nitric acid 70% (Wako 143-01326)        1 ml 
  Glycerol (Wako 075-00616)             20 ml 
  ??????? P (Wako 224-01405)   155 ml 
  ???????. 
 
?Toluidin blue??? 
? Toluidin blue?Sigma T 3260?? ? ? ?           0.1 g 
? Fisher Scientific (BP 169-500)                   0.2 g 
? 100% EtOH                                   30 ml 
  ddH2O                                        70 ml 
? ???????. 
 
?Basic Solution 
? ??????????Wako 192-01075?                   9.2 g 
  ?????????????Wako 190-03455?            11.4 g 
  MilliQ                                                  950 ml 
? Acetic acid Glacial ?Sigma A-6283?                      3.1 ml 
? 5M Sodium Hydroxide? pH 4.7-5.0????, ????MilliQ? 1L?????????.  
? ??? 6???????. 
 
?Naphthol AS-BI Phosphate Substrate 
? Naphthol AS –BI Phosphate?Sigma N2125-1G?? ? ? ? ? ? ? 0.05 g 
  Ethylene Glycol?Wako 058-00986?? ? ? ? ? ? ?             2.5 ml 
? ??? Vortex?, ????????. 
? 4?? 3??????. 
 
?Sodium Nitrite Solution 
? Sodium Nitrite?Sigma S2252-500G?? ? ? ? ? ? ? ? ? ? ?  0.16 g 
  ddH2O                                                   4 ml 
? ??? Vortex?, ????????. 
? 4?? 4??????. 
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?Pararosaniline Dye 
? Pararosanilin hydrochloride?Sigma P3750-10G?? ? ? ? ? ?    0.2 g 
? 2N HCl ??? 60?? 20?????                          4 ml 
? ??? Vortex?, ??????, filtration??. 
? 4?? 2??????. 
 
 
??????
?
????? 
? ???????? 48????, ????? 72???? 2?, 10 g????? 0.1 ml?
? Calcein Solution?????. 
? ????????????, ??????????????. ???????????
???. ????????????????, ???????????????????, 
??????.  
 
?????????????? 
? ????????????????, ??????. ????????????????
????, ?????????????????????????????. ??????
????. ???????????? 25G ??????, ??????????????
???, ???????????? 25G ?????????. ????????????
? 4% PFA???, ???????????????????????????????. 
????, 4?? 12-16??????. ???, PFA??? 70% EtOH????, 4?? 48?
????????. 
 
??????? 
? 70% EtOH??????????, ????????. ???????????????
????????????????. ?????????, ????????????, ?
??????????????????????. ?????????????????
????. ????????????????????. ??????????????
????????????????????????. 
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????? 
? ???????????, 4?? 24????, 80%?96%?100%EtOH??????, ?
???. 
 
??? MMA???? 
? ???????, 4?? 24????, MMA????? A??MMA????? B????
???, MMA????????. 
 
??? MMA???? 
? ????, ??????????, ???????????????????????
????. ????????????????(??????? ASONE 9-852-06 13.5ml)
? 10 ml????????, MMA?????????????????????????
????. 
? ???????????, ????????????????????, ??????
???????????????????, 4????? 5???????. 
? 5 ??, ???????????????, ??????????????, ?????
????. ??????????????????????. 
 
??????? 
? ?????????????????????????????, ??????(Leica 
RM2255)????????.  
? ?????????????????????, Cutting solution ????????, ?
?, ?????????????????????????????????. ????
????????, ??????, 7 µm ???? 3?, ??? 1???, 4 µm ???? 4
?, ??? 1???, 7 µm???? 3????. 
? ?????????????????, Stretching solution ?????, ???????
???, ??????????????????????. 
? ????????????????, ???? 55?????????? 12 ?????, 
????????????????. 7 µm ??? 2?? Von Kossa??, 4 µm??? 1?
? TRAP ??, 1?? Toluidine blue??????. 
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????? 
? 7 µm???? 2?, ???????. ??? AME?Wako 011-10585?? 30?????.
???, 2???? 100%?80%?70% EtOH?ddH2O????????. 
 
Von Kossa?? 
? ???????? 1% AgNO3? 5???ddH2O? 10???Sodafomol? 5?????
? 10???Sodium Thiosulfate 5%? 7?????? 10???Von Gieson? 3????
????. ???, ???70%?80%?96% EtOH??? 3???, 100% EtOH? 2???
????? 3????, DPX?????. ???????????, ???????. 
 
Toluidin blue?? 
? ??????????? Von Kossa????????. 
??????? 4 µm ????, Toluidin blue???? 1???ddH2O? 2??50%?70%
?80%?96% EtOH????? 3???????. ???, 100% EtOH? 5??????
100% EtOH? 2????, ????? 3?? 3?????, DPX?????. ?????
??????, ???????. 
 
TRAP?? 
? ??????????? Von Kossa????????. 
?????????? Basic Solution 150 ml (??? 37?? 40????????????
?)???, 37?? 30???????????. 
? ???????, Naphthol AS-BI Phosphate Substrate 1.5 ml???, ???? 37?? 30
???????????. ????, Sodium Nitrite Solution 3 ml? Pararosaniline Dye 3 ml
? 30?????, 2????????. ?????? 150 ml Basic Solution???????
?. ??????, ??? 12?????????????. 
? ??????????, ?????? MilliQ? 3-5????, ??????. 
???, Mayer’s Hematoxylin Solution?Wako 131-09665?? 1??, ??? 5????. 
MilliQ????????????? quatex?Mount Quick Aqueous??????. ????
???????, ???????. 
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???????????? 
? ??????????? Von Kossa????????. 
??????, ????? 3?? 3?????, DPX?????. ???????????, 
???????. 
 
??????? 
? ????????????? Osteo Measure ????, ???????????, ??
?????????????, ???????????. 
 
?????? 
? ????????????????, ??????????????, ????????
???????????. ???? TTEST????????. 
 
 
? ???? X????????????
 
? ????????? X??????????, X???????????????, ??
????????????. ????? X ????, ????????????????
????????????????. DXA??, ??????X????????????
???????????, 2?????????????? X?????. ???????
???????? X ???????????????????. ???????????, 
??????????????????????. ???, X?????????????
???????????????????????????. 
? Dennd2A-/-?????????????????? X????? DXA??????????
??????, Dennd2A-/- ????????????? X ??????????(Fig.3-5)??
??????? 108.5%???????(Fig.3-6)????, ?????? 20????????
???????, ??????????????????. ????????? CT ????
????????? 3D ???????????Dennd2A-/-???????????????
?????????(Fig.3-7).  
? ???????, ??????? Dennd2A????????????????????
??. 
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? ???? ????????????
 
? ? X ???? DXA ????????????, Dennd2A-/-?????????????
?????????????????????????????????????????
??????????????????????????????????????????
????????????????????????(Fig.3-8,9)??
? ????? Dennd2A-/-??????????????????????????????
????(Fig.3-9). ??, ???????????????????????. ?????
???Dennd2A-/-???????????????????????????????????
???
 
? ???? ???????????? 
 
? ? X ???? DXA ????????????, Dennd2A-/-?????????????
?????????????????????????????????????????
???????????????????????????????? ?
? ??? Dennd2A-/-????????????????????????????????
???????????? ????????????????????????????
?????????? TRACP5b?tartrate-resistant acid phosphatase from 5b?????. 
? ??????????????????? SRL ????????? , ????
TRACP5b ????????(Ca), ??(P)????????. ????, Dennd2A-/-???
????????????????? TRACP5b ??????????????????
?(Fig.3-10). ?????????????????????????, ?? Ca, P ???
????????, ??????????????????. 
? ???????, Dennd2A-/-????????????????????????????
????????????????????
? ?
 79 
???? ???????????? in vitro???
?
? ???? ??????
?
???????????? 
? 8 ??? Dennd2A-/-????????Dennd2A+/+?????????, ????????
M-CSF????????????????????????????, RANKL?????
??????????????.  
? ???????????????????????. 
 
????? RNA?? 
? ???????????????????????. 
 
Real-time PCR 
? ???????????????????????. 
? ?????????????????????????. 
?
?NFATc1 
P1: 5’- GGGACCAACCGTATTTCCACAC -3’ 
P2: 5’- TCGGTAGCCAGCCAGGAATC -3’            Product Size 113 bp 
 
?DC-STAMP 
P1: 5’- AAACGATCAAAGCAGCCATTGAG -3’ 
P2: 5’- ATCATCTTCATTTGCAGGGATTGTC -3’      Product Size 129 bp 
 
?TRAP 
P1: 5’- TTGCGACCATTGTTAGCCACATA -3’ 
P2: 5’- TCAGATCCATAGTGAAACCGCAAG -3’       Product Size 188 bp 
 
?Cathepsin K 
P1: 5’- CAGCAGAACGGAGGCATTGA -3’ 
P2: 5’- CTTTGCCGTGGCGTTATACATACA -3’       Product Size  84 bp 
?
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TRAP?? 
 
????? 
・	 ???(para-formaldehyde) 
PFA?Wako?   2 g  
2N NaOH     27.5 ml    
PBS           50 ml    
?65????????, ??????????? 
 
・	 ??? 
TRAP Buffer                               50 ml 
NAPHTHOL AS-MX PHOSPHATE?SIGMA?  5 mg 
N,N-DIMETHYLFORMAMIDE?SIGMA?     0.5 ml 
Fast Red Violet LB Salt?SIGMA?           30 mg   
??????? Filtration??????? 
 
??? 
1. ?? dish? Medium???, PBS? 2? wash??. 
2. ???? well????, 15?????????. 
3. PBS? 2? wash??. 
4. ??? Acetone : Ethanol = 1 : 1????, permeabilize??. 
5. ??????, ???????????????. 
6. PBS? 2? wash?, ???????????. 
 
 
? ???? ???????????????????????????
 
? ?? 6~8 ??????????????, ????????????????????
?????, ?????????????????. ????????????????
??, M-CSF????????????????????????(BMMs)???????
??? , ?? RANKL ?????????????????????????. ?? , 
RANKL???? 4??~5???, ?????????????????????. ???
?????????, TRAP??????, TRAP????????????????.  
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? ??, 8 ??? Dennd2A-/-????????Dennd2A+/+? ?????????. ????
??????????, M-CSF ?????? 2 ?????, BMMs ??????. 2 ??, 
TRAP???? 24 well????, RNA???? 6 well??????????, RANKL??
???. ??????? 0 ??(DAY0)????, 48 ???? DAY2 ?? RANKL ????
????????. ???????, DAY4????????????????. 
? DAY4???? 4%PFA????, ?????, TRAP??????. TRAP??????
? 3?????????????????, well??????????????. ????, 
??????????Dennd2A-/-???????????????????????????
??????????????????????????????(Fig.3-11)?? ?
? ?????? DAY0, DAY2, DAY3, DAY4 ? 4 ????????????????????
RNA ????????????????????????????????????????
? Dennd2A-/-??????????????????????????? master regulator ?
?? NFATc1 ???????????????????? (Fig.3-12)?? ??????
?DAY0~2? ???? 50%?????????, Dennd2A??????????? NFATc1
????????????, ????????????????. ??, ????????
??????? DC-STAMP?????????????????, Dennd2A-/-??????
???????????????????????????????????????????
?????? 
?
? ?????????Dennd2A ????????????????????????????
???????????????????????????????????????? 
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???? ???
 
? ????, Dennd2A ???????????????????????, ??????
? Dennd2A??????????????????. 
? ??????????????????, ?????????????. Dennd2A-/-???
????????????????????????Dennd2A-/-????? lethality ??????
???????????????????(Fig.3-1)????????????????????
???????????????????????????? Dennd2A-/-??????????
??????????????????????????????????????????
?????(Fig.3-3)??
? ????Dennd2A ????????????????????????????, ? X ?
??? DXA ????????????, Dennd2A-/-?????????????????
??????????????????(Fig.3-6)?? ?????????????????
?????????KO ????????????????????????????????
??????????(Fig.3-9,10)??
? ???????????????????????Dennd2A-/-???????????????
????????????????????????????? NFATc1 ????????
?????????????(Fig.3-11,12). ???, ??? Dennd2A ? NFATc1 ????
??????????, ????????????????????????. 
?  
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?????
?
? ????????????????????? Dennd2A ???????????????
?????? Dennd2A?????????????, ???????????.  
? ????, Dennd2A flox??????????, Dennd2A??????????????
?????????, ??????????????????????????????
?????????????(Fig.4-1). 
? ????, ???????, ???????????????. 
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???? ?????? ???Dennd2A????????????
?
? ???????Cre/loxP??????????????????? flox?????????
??????? Dennd2A?flox?????????????? Cre?recombinase???????
???????????????????????????? Dennd2A?????????
??????????? ?
? ??????????? Neo??????????????????????????
?, ?????????????????. ????????????????????
?????, ?????????, ?????????????????. ????, ??
????????????????????. ?????, ?????????????
???, ???????????????????, ????????????????
???????????????????. ????????????????????
?????, ?????????????????????.?
? ??????????? Dennd2A?flox????????? Cre?recombinase?????
CMV?Cre??????????????????????????? Dennd2A?????
??? Dennd2A-/-????????Dennd2A????????????? Rab 9?????
?????????????, ????????????????????????.?
? ??????????????????? Dennd2A??????, ??????????
?? Dennd2A???????????????????? Dennd2A??? Small GTPase 
family???????????????????????
?
?
?
? ?
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???? ?????? ????Dennd2A???????????????????? 
?
? ??, Small GTPase?????????? GEF, GAP???????????????
???. Small GTPase????????? 150??????????, ????????
???? 5????????????. Rho GTPase???????, Ras GTPase???
????, Rab GTPase?Arf GTPase????????, Ran GTPase?????????
??????????. 
? ?????????????, Rac 1????????? GEF???????????
Vav 3??????????????, KO????????????????. Vav 3??
??????????????????????????????????????????
?????????????????????????????????????????
??????Vav 3? KO???????????, Vav 3???? GEF?????????
?, ????????????, ??????????????????????????
????????. ?????, GEF??????????????????, ?????
???????????????????, DENN/MADD family???? Dennd2A???
??, ???????????????????????????
 
? Dennd2A? Vav 3???? GEF????? DENN/MADD?????????????
??????????????????????????????????????????
????????????????????? Dennd2A ?????????????????
Vav 3 KO???????????????????????????? ?
? ?
??????????? Dennd2A-/-???????????????
1. Dennd2A-/-???????????????????????
2. Dennd2A-/-????????????????????????
3. Dennd2A-/-????????????
4. Dennd2A-/-???????????????????????????????????
?
? ???????????????????? Dennd2A?????????????. 
?
?
?
?
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Dennd2A-/-???????????
?
? ??, Dennd2A??????????????????????, Dennd2A-/-?????
?????, ???????????????WT: ???: KO = 1 : 2 : 1???????
????????. ???Dennd2A-/-?? lethality????????????????????
??????????Dennd2A-/-?? C57BL/6J ????????, ?????????????
???????????????????????
? ????2???? 16?????????????????, Dennd2A-/-?????????
????????????????????????????????????????????
??????????. 
? ???, 16???????????????????, Dennd2A-/-???????????
????????????????????????? Dennd2A????????????
????????????, ??????????????????. 
? ???????, Dennd2A-/-?????????????????????????????
???????????????????????????
?
?
Dennd2A-/-??????????????
?
? ??????????????Dennd2A-/-?????????????????????????
??????????????????????????????????????????
????
? ?? ??? Dennd2A-/-??????????????? X ????? DXA ???????
?????????, Dennd2A-/- ?????????????X?????????????
?????? 108.5%???????????????  
? ? X ???? DXA ????????????, Dennd2A-/-?????????????
?????????????????????????????????????????
??????????????????????????????????????????
?????????????????????????? Dennd2A-/-??????????
?????????????????????????, ??????????????
?????????. Dennd2A-/-??????? TRACP5b??????????????
???, Dennd2A-/-?????????????????????????????????
???????????????
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???????????? in vitro?? 
 
? 8??? Dennd2A-/-?????Dennd2A+/+? ??????????????, M-CSF??
???? 2?????, BMMs??????. RANKL???? 4????????????
?????. 
? ????????? TRAP???, TRAP??????? 3?????????????
????, well ????????????????, ??????????Dennd2A-/-???
?????????????????????????????????????????
?????????????? ?
? ????????????????????????????? RNA ??????????
??????????????????????????? Dennd2A-/-?????????
??????????????master regulator???NFATc1?????????????
???????????? ???????DAY0~2?????? 50%????????? , 
Dennd2A ??????????? NFATc1????????????, ????????
????????. ??, ??????????????? DC-STAMP ????????
?????????, Dennd2A-/-????????????????????????????
??????????????????????????? 
?
? ??????????Dennd2A ???????????????????????????
??????????????????????????????????NFATc1?????
???????????????
? ??????, Dennd2A ??? NFATc1?????????????????????
???, ?????????????????????. ???????? Dennd2A ?
GEF??????????????????????. 
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???? ?????????
?
? Dennd2A-/- ????????????? X ?????????????????????
?????????????????????????????????????????
???????????????????????????? in vitro??????????
????????????????????????????????Dennd2A-/-???????
?????in vitro???????? Dennd2A??????????????????
?
? ?? 1??Dennd2A????????????
?
? ???????????? in vitro????? Dennd2A-/-????????????????
NFATc1?????????????????. ??????, Dennd2A????????
???????????????, ???? Dennd2A ???????????. ???
Dennd2A????????, Dennd2A?????????????.  
? ??, Dennd2A ???????????, ????????? GEF ????, ????
?????? pull-down, ???????????????????. ??, NFATc1???
?????????????? Dennd2A ????????????????, NFATc1?
???????????????.?
?
? ?? 2???????????
?
? Dennd2A-/-???????????? KO????????????? KO???????
??????????????? ????????????????????????
Dennd2A ??????????????????????????Vav 3 ????????
??????? tyrosine kinase??? c-Src????????????? M-CSF?????
??? PI3? kinase ?????????????????????????????????
??????????? c-Src ????????????? ERα ??????????
Cathepsin K? TRAP???????????? 74,75??????????????????
???????????????????????????????? Dennd2A?????
??????????????????????????????????????????
????????????????????????????????
? ?
? ?
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? ?? 1????????????? Small GTPase? GEF??? 
? ?
? Small GTPase? GEF?????????????, Vav 3????, Dennd2A? KO?
?????????????????????. ???, Vav 3? Dennd2A???? Small 
GTPase family????, ??????????????. Vav 3? KO????????, 
????????????????????????????????????????
? 62. ??? Vav 3?????? Rho GTPase???????????????????
?. ??, Dennd2A-/-??????????????????????, ????????
?????, Rab 9????????????????????????????????
?????????? 76-80. 
? ?????Rab 9??????????????????????????????????
????????????Rab GTPase? GEF????????????????????
????????
?
? ?? 2. Dennd2A??????????
 
	 Small GTPase family ? GEF??????????, ???????????????
???. ????????? Dennd2A ??????, ????????????????
????????. ?????????????????????????, ?????
???????????????????, Dennd2A ???????????, ????
????????????????. ?????? Dennd2A flox ???????, ???
????? Dennd2A????????????????????. 
 
 
? ???????????? Dennd2A ?????????????????????????
?????????????????? Dennd2A ????????????????????
???????????????????????????Dennd2A ??????????
????????????????????????????????????????????
????????????????????????????????????????
???
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